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In many watersheds of the western United States and Canada, the 
overwinter and spring snowpack represents the major annual water 
storage mechanism [1,2]. For semi-arid regions such as the Okanagan 
River and Similkameen River watersheds in south-central British 
Columbia, Canada, the magnitude of the snowpack and timing/rate of 
its melt during the spring/early summer freshet has broad water 
management implications for municipal, industrial, and agricultural use, 
as well as for ecological functions [3-16]. As part of our continuing 
studies into the hydrology and climate of this region [17-21], in the 
current work we investigate potential historical temporal trends in the 
overwinter and spring snowpack for the Canadian portions of the 
Okanagan and Similkameen Valleys. 
 
Snowpack records as snow water equivalents (SWEs; in mm) were 
obtained on the dates January 1, February 1, March 1, April 1, May 1, 
and May 15 of each year from the British Columbia Ministry of 
Environment – Water Stewardship Division (available online at 
http://a100.gov.bc.ca/pub/mss/stationlist.do) for six sites in the 
Similkameen River watershed and 18 sites in the Okanagan River 
watershed (Figure 1 and Table 1). The record lengths ranged from 30 to 
77 years (51±14; mean±SD) in the Okanagan River watershed and from 
33 to 67 years (54±12) in the Similkameen River watershed. 
 
Summaries of the mean, minimum, and maximum SWEs over the 
available historical record for each monitoring date at all sites are 
provided in Table 2. Statistical analyses of snowpack data were 
conducted using the nonparametric Mann-Kendall test for the trend and 






Figure 1. Map of the study area showing locations of the snowpack 
monitoring stations in the Okanagan River (2F) and Similkameen 
River (2G) watersheds (from http://bcrfc.env.gov.bc.ca/maps/). 
Table 1. Station information for the snowpack monitoring sites under 
consideration. 









1C01 Brookmere 994 49°48’ 120°52’ 1945-2011 
1C29 Shovelnose 
Mountain 
1456 49°51’ 120°51’ 1979-2011 
2G04 Lost Horse 
Mountain 
1988 49°16’ 120°07’ 1960-2011 
2G05 Missezula 
Mountain 
1602 49°44’ 120°32’ 1960-2011 
2G06 Hamilton Hill 1477 49°29’ 120°47’ 1960-2011 
3D02 Lightning Lake 1254 49°02’ 120°51’ 1947-2011 
Okanagan 
2F01 Trout Creek 1428 49°44’ 120°10’ 1935-2011 
2F02 Summerland 
Reservoir 
1304 49°48’ 120°00’ 1935-2011 
2F03 McCulloch 1266 49°47’ 119°11’ 1935-2011 
2F04 Graystoke Lake 1818 49°59’ 118°52’ 1971-2011 
2F07 Postill Lake 1358 49°59’ 119°12’ 1950-2011 
2F08 Greyback 
Reservoir 
1548 49°36’ 119°25’ 1953-2011 
2F09 Whiterocks 
Mountain 
1789 50°01’ 119°44’ 1953-2011 
2F10 Silver Star 
Mountain 
1834 50°22’ 119°03’ 1959-2011 
2F11 Isintok Lake 1651 49°33’ 119°58’ 1965-2011 
2F12 Mount Kobau 1817 49°07’ 119°40’ 1966-2011 
2F13 Esperon Creek 
(Upper) 
1634 50°04’ 119°44’ 1966-2011 
2F14 Esperon Creek 
(Middle) 
1440 50°04’ 119°41’ 1966-2011 
2F18 Brenda Mine 1453 49°51’ 119°59’ 1969-2011 
2F19 Oyama Lake 1365 50°06’ 119°16’ 1969-2011 
2F20 Vaseux Creek 1403 49°16’ 119°19’ 1971-2011 
2F21 Bouleau Lake 1405 50°16’ 119°38’ 1971-2011 
2F23 Macdonald 
Lake 
1742 49°53’ 120°01’ 1977-2011 
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Details of the regression results are provided in Table 3 and 
summarized in Table 4. Of the 24 snowpack monitoring stations, 15 
show significant (p<0.05) temporal declines in snowpack on at least 
one of the monitoring days, and 10 sites show significant temporal 
declines on at least two of the monitoring days. No relationship is 
evident between either the length of the historical record or the station 
elevation and the corresponding likelihood of a trend being exhibited or 
its timing/magnitude. The majority of the declines were observed 
during the spring period on April 1 (n=11) and May 1 (n=11), with 
progressively fewer declines moving from early spring into late- and 
mid-winter, respectively (March 1, n=9; February 1, n=4; and January 
1, n=1), indicating that the greatest likelihood of a declining historical 
snowpack trend exists closest in time to the major melt period. 
 
Average annual percentage declines in snowpack calculated as the 
magnitude of the regression trend (Q) divided by the mean historical 
SWE on each date for each site range from -0.4% to -3.2%. Caution 
must be exercised in interpreting such values, however, as linear 
declines represent progressively greater percentage decreases per unit 
time. Our findings are in agreement with previous work that has 
established widespread temporal declines of similar magnitudes and 
preferential late-season timings to those reported herein for snowpacks 
over the last century in western North America [1,2,28-31]. There is 
heterogeneity in the results – both in terms of date and location – that 
warrants consideration in any hydrologic modeling efforts and water 
management policymaking. Not all stations within a watershed exhibit 
declining snowpack trends, and of those with significant declining 
trends, not all stations exhibit the declines on or about the same dates or 
to the same magnitudes. It is not possible to assign an areal 
representativeness of each station within each watershed, and as such, it 
is effectively impossible to translate the findings into net impacts on 
downstream hydrology. 
 
In the absence of knowledge as to whether any temporal trends are part 
of a naturally occurring cycle that is incompletely encompassed within 
the snowpack record, or whether the trends reflect long-term climatic 
changes, there is little value in providing trend extrapolations to predict 
expected snowpack levels in the future. However, the regression details 
provided in Table 3 allow such extrapolations for interested readers. 
Other researchers have noted the influence of various climatic cycles on 
snowpack trends in this region. Moore and McKendry [31] found that 
an intensification of the Pacific North America circulation pattern and a 
deepening of the Aleutian low is associated with widespread lower 
snowpack conditions over British Columbia. 
 
In addition, Hamlet et al. [30] noted the inherent difficulties in 
deciphering rigorous snowpack temporal trends with datasets either 
entirely, or substantially, founded in the period after 1950 (19 of the 24 
stations examined herein have records which began after 1950, with the 
other 5 stations having records dating back only to 1935 [n=3], 1945, 
and 1947). This post-1950 timeframe is known to contain a number of 
regionally specific trends in precipitation and temperature influenced by 
the El Nino-Southern Oscillation (ENSO) and Pacific Decadal 
Oscillation (PDO). The shift from a cool to warm PDO phase in 1976-
77 is a confounding factor against attempts to assign snowpack declines 
after 1950 to corresponding long-term climatic changes rather than to 
an incomplete portion of a natural climate cycle. Most of our station 
records begin somewhere in the cool PDO phase and then include all of 
the subsequent warm PDO phase, introducing a likely systematic 
negative snowpack trending bias of unknown magnitude. 
 
Furthermore, changes in the forest canopy and other land uses on and 
around the sites, as well as site changes themselves, may have 
influenced snow accumulation patterns. In some cases, the date of 
observation may have systematically shifted over time, even though the 
nominal “1st of month” reporting date has remaining constant in the 
field [1]. Collectively, the influence of these factors are generally 
unknown for snowpack monitoring sites, and may introduce further bias 
into any trend analyses. 
 
 
Table 2. Summaries of the mean, minimum, and maximum (range provided in parentheses) snow water equivalents (SWEs) over the available 
historical record on each monitoring date for all sites under consideration. Values are in mm. 
ID Jan. 1 Feb 1. Mar. 1 Apr. 1 May 1 May 15 
Similkameen  
1C01 94 (22-170) 169 (41-297) 198 (53-351) 209 (51-201) 107 (0-419) 34 (0-208) 
1C29 n/aa 170 (48-307) 217 (100-398) 217 (70-442) 90 (0-305) n/a 
2G04 93 (54-120) 154 (70-335) 191 (92-508) 224 (138-533) 238 (64-554) 199 (0-577) 
2G05 95 (21-197) 152 (60-284) 199 (76-363) 208 (90-361) 122 (0-323) 46 (0-218) 
2G06 168 (55-313) 235 (91-411) 303 (102-676) 335 (83-851) 250 (0-838) 138 (0-434) 
3D02 n/a 176 (67-242) 252 (36-497) 320 (60-622) 243 (7-599) n/a 
Okanagan  
2F01 n/a 133 (33-292) 163 (55-335) 180 (52-396) 98 (0-386) 29 (0-307) 
2F02 108 (42-198) 169 (65-307) 205 (97-381) 223 (96-389) 115 (0-368) 28 (0-218) 
2F03 84 (28-144) 123 (63-196) 155 (71-249) 155 (38-249) 41 (0-188) 10 (0-102) 
2F04 172 (96-282) 223 (128-324) 307 (128-605) 379 (196-828) 381 (120-940) 409 (0-742) 
2F07 n/a 143 (73-243) 181 (98-274) 216 (109-348) 145 (0-282) 120 (71-180) 
2F08 105 (56-181) 162 (60-269) 192 (91-312) 230 (114-351) 173 (0-386) 95 (0-323) 
2F09 271 (122-447) 390 (135-693) 472 (180-809) 556 (318-1021) 511 (175-1013) 383 (0-968) 
2F10 359 (163-565) 492 (229-721) 611 (347-912) 726 (414-1115) 732 (371-1135) 661 (100-1054) 
2F11 79 (16-196) 125 (26-307) 153 (53-358) 166 (66-340) 127 (0-437) 71 (0-386) 
2F12 131 (28-261) 203 (43-373) 258 (61-488) 312 (105-602) 317 (53-597) 251 (0-516) 
2F13 n/a 267 (156-457) 351 (157-635) 406 (244-805) 382 (119-805) 358 (66-625) 
2F14 n/a 236 (146-399) 313 (132-513) 346 (196-607) 273 (0-551) 165 (0-380) 
2F18 146 (59-254) 224 (84-386) 270 (130-495) 295 (159-531) 215 (0-526) 73 (0-368) 
2F19 n/a 123 (31-193) 148 (73-241) 162 (61-255) 63 (0-185) n/a 
2F20 61 (32-117) 99 (44-208) 123 (52-284) 141 (40-239) 46 (0-192) 6 (0-80) 
2F21 255 (160-351) 246 (168-396) 276 (165-432) 331 (192-564) 270 (40-488) 241 (173-328) 
2F23 189 (81-328) 270 (132-411) 363 (170-583) 418 (257-677) 419 (198-650) 330 (0-652) 
2F24 n/a 230 (124-364) 286 (161-497) 309 (165-501) 237 (64-433) 220 (157-352) 
a
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Table 3. Summary of non-parametric Mann-Kendall test statistics for temporal trends in historical overwinter and spring snowpack snow water 
equivalent (SWE) at various monitoring stations in the Okanagan River and Similkameen River watersheds. Values are in mm SWE/year (Q) and mm 
SWE (B). 
     Mann-Kendall trend Sen's slope estimate 
Time series First year Last Year n Test Za Significanceb Qc Qmin,95d Qmax,95e Bf B min,95g B max,95h 
Similkameen 
1C01            
January 1 1945 2011 14 -0.16 n/s -0.143 -6.425 6.547 100.36 339.57 -141.50 
February 1 1945 2011 45 -2.02 * -1.429 -2.716 0.000 203.71 237.21 173.00 
March 1 1945 2011 67 -3.97 *** -1.766 -2.500 -0.989 251.96 275.00 222.28 
April 1 1945 2011 66 -3.65 *** -1.737 -2.675 -0.864 264.74 294.32 228.20 
May 1 1945 2011 65 -2.78 ** -1.364 -2.520 -0.373 138.29 186.82 88.83 
May 15 1945 2011 27 -0.47 n/s 0.000 -1.104 0.000 12.00 47.03 12.00 
IC29            
February 1 1979 2011 29 -0.98 n/s -1.844 -4.170 1.600 218.36 230.68 138.00 
March 1 1979 2011 30 -1.34 n/s -1.400 -3.972 0.698 247.50 286.48 217.35 
April 1 1979 2011 28 -0.63 n/s -0.746 -3.746 2.335 217.19 270.59 173.15 
May 1 1979 2011 32 0.02 n/s 0.000 -2.566 2.302 47.50 100.37 17.83 
2G04            
February 1 1960 2011 50 -1.34 n/s -0.806 -1.922 0.277 164.26 200.52 136.10 
March 1 1960 2011 49 -1.37 n/s -0.771 -1.769 0.329 201.85 239.54 174.13 
April 1 1960 2011 48 0.41 n/s 0.194 -1.000 1.297 208.54 243.50 181.36 
May 1 1960 2011 48 -1.39 n/s -1.120 -3.038 0.812 256.80 317.29 219.95 
May 15 1960 2011 45 -1.87 n/s -2.471 -4.743 0.121 274.14 333.15 206.67 
2G05            
January 1 1960 2011 17 -1.48 n/s -4.313 -10.716 1.713 250.81 523.79 14.04 
February 1 1960 2011 45 -1.76 n/s -1.089 -2.236 0.126 173.78 201.66 136.61 
March 1 1960 2011 48 -2.41 * -1.500 -2.918 -0.279 226.25 270.95 198.43 
April 1 1960 2011 47 -1.34 n/s -0.889 -2.321 0.306 219.00 272.38 186.73 
May 1 1960 2011 47 -1.63 n/s -1.700 -4.115 0.159 170.10 234.65 106.27 
2G06            
January 1 1960 2011 15 1.14 n/s 5.769 -2.583 13.663 -30.00 230.66 -284.21 
February 1 1960 2011 46 -2.42 * -2.333 -4.222 -0.556 293.67 360.61 250.28 
March 1 1960 2011 47 -2.87 ** -2.556 -4.346 -0.916 354.33 397.07 310.07 
April 1 1960 2011 52 -3.34 *** -3.039 -4.813 -1.299 394.80 446.60 347.19 
May 1 1960 2011 52 -3.02 ** -3.819 -6.348 -1.437 319.06 393.58 255.93 
May 15 1960 2011 34 -0.86 n/s -1.393 -4.792 1.077 183.93 240.98 102.55 
3D02            
March 1 1947 2011 38 0.29 n/s 0.200 -2.744 3.000 239.50 375.69 115.50 
April 1 1947 2011 61 -2.86 ** -2.198 -3.726 -0.719 384.57 439.45 318.62 
May 1 1947 2011 39 -0.62 n/s -1.129 -4.400 2.409 266.00 406.40 118.50 
Okanagan 
2F01            
February 1 1935 2011 71 0.50 n/s 0.150 -0.370 0.719 128.50 153.84 110.28 
March 1 1935 2011 72 0.63 n/s 0.192 -0.446 0.813 154.12 180.31 128.08 
April 1 1935 2011 66 -1.17 n/s -0.528 -1.223 0.286 197.24 222.55 160.36 
May 1 1935 2011 64 -3.48 *** -1.667 -2.542 -0.795 155.67 193.63 117.19 
2F02            
January 1 1935 2011 48 -1.72 n/s -0.689 -1.603 0.114 142.43 187.26 98.65 
February 1 1935 2011 47 -1.76 n/s -1.048 -2.192 0.131 223.62 287.38 162.67 
March 1 1935 2011 51 -1.54 n/s -0.872 -2.029 0.253 250.64 295.28 196.78 
April 1 1935 2011 70 -1.64 n/s -0.641 -1.463 0.140 248.54 282.39 218.20 
May 1 1935 2011 46 -3.15 ** -3.000 -4.792 -1.148 288.00 377.85 179.84 
2F03            
January 1 1935 2011 31 0.88 n/s 0.625 -0.693 1.878 56.38 109.43 4.79 
February 1 1935 2011 72 -0.79 n/s -0.146 -0.569 0.297 128.05 145.01 109.55 
March 1 1935 2011 72 -0.75 n/s -0.149 -0.644 0.304 163.07 178.47 142.24 
April 1 1935 2011 73 -2.02 * -0.615 -1.208 0.000 178.23 198.38 155.00 
May 1 1935 2011 65 -5.47 *** -0.865 -1.361 -0.523 59.70 88.45 39.20 
2F04            
February 1 1971 2011 12 -1.72 n/s -5.835 -12.667 0.912 422.71 647.00 173.64 
March 1 1971 2011 29 -2.27 * -4.652 -8.178 -0.678 362.80 430.49 311.45 
April 1 1971 2011 38 -2.33 * -4.154 -7.864 -0.552 442.81 538.99 361.98 
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Table 3 cont’d 
     Mann-Kendall trend Sen's slope estimate 
Time series First year Last Year n Test Za Significanceb Qc Qmin,95d Qmax,95e Bf B min,95g B max,95h 
2F07            
February 1 1950 2011 61 -1.15 n/s -0.390 -1.000 0.267 157.99 176.00 133.13 
March 1 1950 2011 62 -1.25 n/s -0.400 -1.000 0.276 196.30 213.50 173.35 
April 1 1950 2011 61 -2.23 * -0.800 -1.513 -0.086 236.40 261.08 212.31 
May 1 1950 2011 60 -2.00 * -1.000 -2.000 0.000 175.00 212.00 155.50 
2F08            
January 1 1953 2011 27 0.33 n/s 0.250 -1.324 1.913 89.00 156.22 20.34 
February 1 1953 2011 37 -0.05 n/s -0.044 -1.816 1.662 164.09 239.72 83.20 
March 1 1953 2011 44 -0.40 n/s -0.239 -1.499 0.955 186.87 249.68 145.47 
April 1 1953 2011 58 -0.74 n/s -0.381 -1.303 0.674 238.24 271.60 203.93 
May 1 1953 2011 40 -1.35 n/s -2.238 -4.627 1.000 273.45 368.05 128.50 
May 15 1953 2011 39 -1.28 n/s -1.263 -4.650 0.439 126.95 274.53 44.39 
2F09            
January 1 1953 2011 22 1.10 n/s 3.917 -2.770 10.924 124.54 360.03 -119.15 
February 1 1953 2011 39 -1.03 n/s -2.556 -6.581 1.552 475.11 629.12 294.24 
March 1 1953 2011 55 -0.59 n/s -0.737 -3.024 1.445 478.74 554.14 390.22 
April 1 1953 2011 58 -1.23 n/s -1.467 -3.557 0.746 576.53 654.31 508.84 
May 1 1953 2011 41 -1.66 n/s -4.900 -11.152 1.017 688.00 942.77 462.27 
May 15 1953 2011 41 -0.52 n/s -2.144 -8.410 5.529 446.88 755.54 180.89 
2F10            
January 1 1959 2011 35 0.48 n/s 1.000 -2.800 5.522 312.00 409.61 223.39 
February 1 1959 2011 53 0.64 n/s 0.756 -1.688 3.109 474.23 532.41 394.67 
March 1 1959 2011 53 0.29 n/s 0.437 -2.446 3.333 595.65 670.59 506.00 
April 1 1959 2011 53 0.66 n/s 1.098 -2.338 4.504 688.29 785.89 582.35 
May 1 1959 2011 52 0.99 n/s 1.588 -1.694 4.820 678.24 756.65 612.15 
May 15 1959 2011 53 0.72 n/s 1.500 -2.572 5.434 619.00 744.16 505.72 
2F11            
January 1 1965 2011 46 -2.08 * -0.903 -1.666 -0.056 100.60 120.66 76.26 
February 1 1965 2011 45 -2.23 * -1.269 -2.527 -0.133 152.67 187.48 112.58 
March 1 1965 2011 47 -2.54 * -1.533 -2.609 -0.321 174.13 206.80 149.57 
April 1 1965 2011 44 -1.95 n/s -1.301 -2.667 0.000 190.52 231.67 162.50 
May 1 1965 2011 46 -2.52 * -2.500 -4.488 -0.476 160.00 221.59 129.86 
May 15 1965 2011 46 -1.76 n/s -0.758 -2.854 0.000 66.89 119.85 49.00 
2F12            
January 1 1966 2011 34 0.65 n/s 0.667 -1.541 2.901 98.00 169.53 39.77 
February 1 1966 2011 45 -1.34 n/s -1.265 -3.188 0.503 224.39 275.57 194.87 
March 1 1966 2011 46 -1.10 n/s -1.000 -2.823 0.823 276.00 311.50 233.94 
April 1 1966 2011 46 -1.03 n/s -1.000 -2.680 1.222 309.00 351.84 272.12 
May 1 1966 2011 46 -0.78 n/s -1.000 -3.840 1.583 326.00 396.12 271.75 
May 15 1966 2011 45 0.07 n/s 0.131 -3.655 3.820 245.79 361.85 168.49 
2F13            
March 1 1966 2011 43 -2.33 * -2.750 -5.552 -0.598 399.50 476.36 352.75 
April 1 1966 2011 40 -2.04 * -3.152 -6.377 -0.158 478.13 564.13 388.53 
May 1 1966 2011 42 -1.82 n/s -3.500 -7.591 0.443 455.00 579.05 334.93 
2F14            
February 1 1966 2011 11 -0.86 n/s -3.409 -12.067 2.111 286.18 459.33 191.44 
March 1 1966 2011 24 -1.76 n/s -3.882 -10.245 0.335 370.88 469.15 287.31 
April 1 1966 2011 41 -1.97 * -2.500 -5.281 0.000 405.00 474.38 334.00 
May 1 1966 2011 30 -1.20 n/s -4.500 -11.855 2.780 367.25 487.90 206.89 
2F18            
January 1 1969 2011 19 -1.82 n/s -3.833 -8.095 0.416 202.00 259.67 125.51 
February 1 1969 2011 24 -1.76 n/s -3.359 -8.073 0.395 268.83 337.73 215.47 
March 1 1969 2011 43 -2.44 * -2.294 -4.424 -0.712 317.06 366.30 285.21 
April 1 1969 2011 41 -2.69 ** -2.748 -5.213 -0.797 348.65 414.98 303.19 
May 1 1969 2011 43 -1.99 * -2.667 -6.231 0.000 290.33 367.09 228.00 
2F19            
February 1 1969 2011 43 -1.80 n/s -0.833 -1.868 0.089 142.83 166.46 116.82 
March 1 1969 2011 42 -1.51 n/s -0.800 -2.000 0.300 166.30 193.00 141.36 
April 1 1969 2011 39 -1.57 n/s -1.318 -2.468 0.212 203.64 225.21 154.75 
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Table 3 cont’d 
     Mann-Kendall trend Sen's slope estimate 
Time series First year Last Year n Test Za Significanceb Qc Qmin,95d Qmax,95e Bf B min,95g B max,95h 
2F20            
January 1 1971 2011 19 -1.82 n/s -2.000 -4.000 0.206 82.00 104.00 57.73 
February 1 1971 2011 24 -1.98 * -2.210 -3.861 -0.044 126.00 150.13 87.98 
March 1 1971 2011 40 -3.14 ** -2.142 -3.480 -0.833 161.84 188.82 130.41 
April 1 1971 2011 40 -3.44 *** -2.408 -3.715 -1.053 187.80 223.73 162.12 
May 1 1971 2011 40 -3.14 ** -1.477 -3.342 0.000 56.88 114.02 24.00 
2F21            
March 1 1971 2011 40 -2.72 ** -3.094 -4.845 -0.938 334.48 374.97 279.38 
April 1 1971 2011 37 -3.31 *** -4.698 -6.628 -2.000 437.12 474.16 344.00 
May 1 1971 2011 39 -3.21 ** -5.304 -8.534 -2.512 370.96 470.53 307.12 
2F23            
January 1 1977 2011 16 0.41 n/s 1.890 -6.256 9.953 169.43 226.68 104.21 
February 1 1977 2011 15 0.40 n/s 1.000 -8.152 8.381 260.00 348.52 202.67 
March 1 1977 2011 35 0.28 n/s 0.710 -2.706 4.127 346.03 395.59 313.62 
April 1 1977 2011 32 0.52 n/s 0.816 -3.303 5.197 401.27 461.77 342.05 
May 1 1977 2011 31 0.63 n/s 1.652 -3.226 6.816 410.30 479.04 335.21 
2F24            
February 1 1982 2011 29 -0.13 n/s -0.374 -3.333 2.201 220.49 271.00 189.59 
March 1 1982 2011 30 -0.54 n/s -1.143 -4.653 2.796 297.14 346.90 253.94 
April 1 1982 2011 29 -0.92 n/s -1.658 -5.667 2.053 325.61 393.01 273.41 
May 1 1982 2011 30 -0.59 n/s -2.133 -7.799 3.000 273.40 344.29 213.00 
a
 The absolute value of the test statistic (Z) is compared to the standard normal cumulative distribution to define if there is a trend or not at the selected 
level α of significance. A positive (negative) value of Z indicates an upward (downward) trend. b The smallest significance level α with which the test 
shows that the null hypothesis of no trend should be rejected. n/s=not significant. *=significant at α=0.05. **=significant at α=0.01. ***=significant at 
α=0.001. c The Sen's estimate for the true slope of the linear trend. d The lower limit of the 95% confidence interval of Q (α= 0.05). e The upper limit of 
the 95% confidence interval of Q (α= 0.05). f Estimate of the constant B in the equation f(Year)=Q×(Year-First Year)+B for a linear trend. g Estimate of 
the constant Bmin,95 in the equation f(Year)=Qmin,95*(Year-First Year)+Bmin,95 for 95% confidence level of a linear trend. h Estimate of the constant Bmax,95 
in the equation f(Year)=Qmax,95*(Year-First Year)+Bmax,95 for 95% confidence level of a linear trend. 
 
Overall, significant evidence is available that the Okanagan and 
Similkameen River watersheds are exhibiting both spatially and 
temporally heterogeneous declines in snowpacks over the past several 
decades, but whether the causes are part of a natural cycle or result 
from longer term climatic changes is not clear. The variability in the 
magnitude, timing, and location of any significant time trends in 
snowpack decline also precludes efforts towards developing reliable 
hydrologic models that reflect a response to potential future changes in 
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Table 4. Summary of the historical trends in overwinter and spring snowpack snow water equivalent (SWE) at various monitoring stations in the 
Okanagan River and Similkameen River watersheds. All statistically significant trends are negative: n/s=not significant. *=significant at α=0.05. 
**=significant at α=0.01. ***=significant at α=0.001. Values in parentheses represent average annual percentage declines in snowpack calculated as the 
magnitude of the regression trend (Q; from Table 3) divided by the mean historical SWE on each date for each site (from Table 2). 
ID RSa Jan. 1 Feb. 1 Mar. 1 Apr. 1 May 1 May 15 
Similkameen  
1C01 1945 n/s * (-0.8%) *** (-0.9%) *** (-0.8%) ** (-1.3%) n/s 
1C29 1979 n/s n/s n/s n/s n/s n/s 
2G04 1960 n/s n/s n/s n/s n/s n/s 
2G05 1960 n/s n/s * (-0.8%) n/s n/s n/s 
2G06 1960 n/s * (-1.0%) ** (-0.8%) *** (-0.9%) ** (-1.5%) n/s 
3D02 1947 n/s n/s n/s ** (-0.7%) n/s n/s 
Okanagan  
2F01 1935 n/s n/s n/s n/s *** (-1.7%) n/s 
2F02 1935 n/s n/s n/s n/s ** (-2.6%) n/s 
2F03 1935 n/s n/s n/s * (-0.4%) *** (-2.1%) n/s 
2F04 1971 n/s n/s * (-1.5%) * (-1.1%) ** (-1.6%) n/s 
2F07 1950 n/s n/s n/s * (-0.4%) * (-0.7%) n/s 
2F08 1953 n/s n/s n/s n/s n/s n/s 
2F09 1953 n/s n/s n/s n/s n/s n/s 
2F10 1959 n/s n/s n/s n/s n/s n/s 
2F11 1965 * (-1.1%) * (-1.0%) * (-1.0%) n/s * (-2.0%) n/s 
2F12 1966 n/s n/s n/s n/s n/s n/s 
2F13 1966 n/s n/s * (-0.8%) * (-0.8%) n/s n/s 
2F14 1966 n/s n/s n/s * (-0.7%) n/s n/s 
2F18 1969 n/s n/s * (-0.8%) ** (-0.9%) * (-1.2%) n/s 
2F19 1969 n/s n/s n/s n/s n/s n/s 
2F20 1971 n/s * (-2.2%) ** (-1.7%) *** (-1.7%) ** (-3.2%) n/s 
2F21 1971 n/s n/s ** (-1.1%) *** (-1.4%) ** (-2.0%) n/s 
2F23 1977 n/s n/s n/s n/s n/s n/s 
2F24 1982 n/s n/s n/s n/s n/s n/s 
a
 Year in which the historical record begins. 
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